Here, we demonstrate that the BMP receptor Wishful Thinking (Wit) is required for synapse stabilization. In the absence of BMP signaling, synapse disassembly and retraction ensue. Remarkably, downstream Smadmediated signaling cannot fully account for the stabilizing activity of the BMP receptor. We identify LIM Kinase1 (DLIMK1)-dependent signaling as a second, parallel pathway that confers the added synapse-stabilizing activity of the BMP receptor. We show that DLIMK1 binds a region of the Wit receptor that is necessary for synaptic stability but is dispensable for Smad-mediated synaptic growth. A genetic analysis demonstrates that DLIMK1 is necessary, presynaptically, for synapse stabilization, but is not necessary for normal synaptic growth or function. Furthermore, presynaptic expression of DLIMK1 in a wit or mad mutant significantly rescues synaptic stability, growth, and function. DLIMK1 localizes near synaptic microtubules and functions independently of ADF/cofilin, highlighting a novel requirement for DLIMK1 during synapse stabilization rather than actin-dependent axon outgrowth.
Introduction
Throughout the vertebrate nervous system, precisely wired neural circuitry is established through an initial overproduction of synaptic connections followed by the selective loss of a subset of these synapses. The molecular mechanisms that specify which synapses will be retained and which will be lost are unknown. There is additional complexity because synapse disassembly occurs coincidently with synapse growth in most systems. For example, live imaging studies have shown that single motoneurons can simultaneously disassemble synapses at some target muscles while increasing the size of synaptic connections at other muscle targets (Kasthuri and . It has been demonstrated that mutations in the BMP ligand glass bottom boat (gbb), the type I and type II BMP receptors thick veins (tkv) and wishful thinking (wit), and the Smad homologs mad and medea all significantly impair synaptic growth and function. These data define a retrograde trophic signaling system that functions through transcriptional mechanisms in the cell soma to control motoneuron synaptic growth. In this study, we demonstrate that BMP signaling at the Drosophila NMJ is not only required for normal synaptic growth, but also for synaptic stabilization. In the absence of BMP signaling, we observed significant increases in synapse retraction and disassembly. We then demonstrate that signaling downstream of the BMP receptors can be genetically separated into two pathways: Smad-dependent synaptic growth and LIM Kinase1-dependent synaptic stability.
LIM Kinase1 (LIMK1) is a cytoplasmic serine/threonine kinase that was originally isolated in screens for novel kinases expressed in the nervous system (Bernard et al., 1994; Cheng and Robertson, 1995; Mizuno et al., 1994; Proschel et al., 1995) . Findings in LIMK1 knockout mice reveal defects in dendritic spine morphology and activity-dependent plasticity, although neither synaptic growth nor synaptic stability has been specifically analyzed (Endo et al., 2003) . In the Drosophila central nervous system, DLIMK1 has been implicated in the mechanisms of axonal outgrowth during metamorphosis, acting through ADF/cofilin to modulate the actin cytoskeleton, a mechanism also documented in other tissues ( Our genetic analyses define a new function for DLIMK1 during synaptic stability in comparison with its function in axonal outgrowth. We find that synaptic DLIMK1 is closely associated with the synaptic microtubule cytoskeleton. In addition, genetic manipulation of ADF/ cofilin activity does not affect synaptic stability at the NMJ. These data highlight differences in LIMK1 function during the rapid, dynamic process of axon outgrowth compared to the slower, more prolonged mechanisms that govern synapse stabilization at the NMJ. Together, our data define genetically separable signaling pathways downstream of the BMP receptor that could allow a single trophic signaling event to coordinately control synaptic growth and synaptic stabilization.
Results
We have previously established an assay to quantify synaptic retraction at the Drosophila NMJ and have used this assay to identify molecules involved in synaptic stability ( Figure 1A ; Eaton et al., 2002 ). This assay is based on the demonstration that the formation of organized postsynaptic muscle membrane folds, termed the subsynaptic reticulum (SSR), requires the presence of the presynaptic nerve terminal (Guan et al., 1996; Saitoe et al., 2001 ). Therefore, the SSR and proteins that localize to this structure will only be present at sites where the nerve terminal resides, or where it has recently resided. Thus, observed sites of organized postsynaptic SSR that lack opposing presynaptic neuronal markers identify regions of the neuromuscular junction (NMJ) where the nerve terminal once resided and has since retracted. This interpretation has been confirmed in previous studies using light-level, ultrastructural, and electrophysiological analyses (Eaton et al., 2002; Pielage et al., 2005) . Sites of synapse retraction are referred to as "retraction events" or "synaptic footprints" and represent a quantitative assay for synaptic stability. In our prior studies, we used a wide array of pre-and postsynaptic markers to clearly define synaptic retraction events. Synaptic retractions can be identified with equal efficiency using antibodies that recognize diverse presynaptic antigens including cytoplasmic, membrane-associated, cytoskeleton, or vesicle-associated proteins (Eaton et 
Presynaptic BMP Signaling Is Necessary for Synapse Stabilization
We have used our retraction assay to test whether BMP signaling in Drosophila motoneurons is required for synapse stabilization (Figure 1) . We first confirmed that mutations in the BMP type II receptor Wit and the BMP ligand Gbb cause a significant decrease in bouton number ( Figure 1D) . We now demonstrate that these mutations also cause a significant increase in synaptic footprints, demonstrating that synaptic stability is significantly compromised in the absence of BMP signaling ( Figures 1B, 1C , and 1E). Synaptic footprints were identified in equal numbers using multiple presynaptic markers, including antiSynapsin and anti-nc82, which recognizes an antigen at the presynaptic active zone ( Figures 1B and 1C ). We also demonstrate that synaptic footprints can be rescued in the wit mutant background by neuronal expression of the full-length wit transgene, demonstrating that synapse destabilization is caused by the absence of the presynaptic Wit receptor. (Figures 1D and 1E ; see Figure 3 for an example of a rescued wit NMJ that lacks footprints). The number of synapse retractions is slightly, but statistically significantly, less in gbb compared with that in wit. This could be due to the fact that wit is a null mutation, whereas the gbb genotype that we used is not ( We next extended our analysis to mutations that disrupt additional downstream components of the canonical BMP signaling cascade (Figure 2A ). We tested mutations in the BMP type I receptor thick-veins (tkv), the Smad homolog mad, and the co-Smad medea ( Figure  2) . We find that all three mutations decrease bouton numbers to levels that are statistically identical to those observed in the wit and gbb mutations, confirming previous reports ( Figure 2B) Figure 2C ; p < 0.001), demonstrating that canonical BMP signaling is necessary for synaptic stability as well as for growth.
The fact that synaptic footprints in wit can be rescued by neuronal expression of UAS-wit suggests that BMP signaling is necessary in the motoneuron for synaptic stability. To confirm that Smad-mediated signaling is also required within the motoneuron for synaptic stabilization, we neuronally overexpressed the inhibitory Smad dad (Figures 2B and 2C ; dad gain of function, DAD GOF). Genetic evidence suggests that this manipulation can block both Mad and DSmad2 signaling (Marquez et al., 2001 ). We find that neuronal DAD GOF decreases bouton numbers and increases synaptic footprints to levels that are near those observed in tkv, mad, and medea ( Figures 2B and 2C) . Finally, in order to examine whether Smad signaling is required in the cell soma for synaptic stabilization, we examined a ge- . Thus, we conclude that Smad-mediated signaling to the motoneuron cell soma is necessary for both synaptic growth and synaptic stability. Together, these data establish an in vivo link between retrograde axonal transport, an essential trophic signaling system, and the mechanisms of synaptic stabilization.
port. Previous work has demonstrated that impairment of dynactin function in motoneurons disrupts

Analysis of Synaptic Stability in Synaptic Growth Mutations
We performed additional experiments to test whether mutations that decrease the number of boutons always increase the number of footprints. In these experiments, we analyzed mutations that decrease bouton number but which have not been implicated in the BMP signaling system. Bouton numbers are significantly decreased in these three independent mutations: the cell adhesion molecule fasciclin II (fasII) (Schuster et al., 1996; Stewart et al., 1996), the tyrosine phosphatase Dlar (Krueger et al., 1996) , and the microtubule binding protein futsch (Roos et al., 2000) . In each of these three mutations, bouton numbers are significantly decreased whereas the number of synaptic footprints remains unchanged (Table 1 ). It has also been shown that impaired synaptic growth in a presynaptic calcium channel mutant does not alter synaptic stability (Rieckhof et al., 2003) . From these data we can conclude that impaired synaptic growth does not necessarily impair synaptic stabilization. By extension, we conclude that BMP signaling is required for two separable processes, synaptic growth and synaptic stability.
Identification of a Smad-Independent SynapseStabilizing Activity for the BMP Receptor
While all of the mutations in canonical BMP signaling molecules decrease bouton numbers to the same extent, there are significantly fewer synaptic footprints in the tkv, mad, and medea mutations (as well as in DAD GOF) when compared to the wit mutation ( Figure 2C ). Thus, while canonical BMP signaling is required for both synaptic growth and stability, the Wit receptor has an additional stabilizing influence on the NMJ that cannot be accounted for by the downstream Smad signaling system. We therefore pursued experiments to investigate the mechanism of Wit-mediated synaptic stability that appears to be independent of Smad-mediated signaling. We first determined whether the signaling associated with synaptic stabilization and synaptic growth might map to different regions of the cytoplasmic tail of the Wit receptor. To do so, we took a transgenic rescue approach that involves neuronal expression of either the full-length wit transgene or a truncated wit transgene in the wit mutant background. The truncated Wit receptor lacks a C-terminal portion that is not required for Smad signaling in mammalian systems (Wieser et al., 1993) and has been shown to restore viability to the wit mutation (Marques et al., 2002) . First, we demonstrated that presynaptic expression of the full-length wit transgene in the wit mutant background rescues synaptic growth and synaptic stability ( Figures 3A, 3F , and 3G). However, while presynaptic expression of the truncated wit transgene (wit-dCT) completely rescues synaptic growth, it is unable to fully restore synaptic stability to wild-type levels ( Figures 3B, 3F , and 3G). We have confirmed that the Wit-dCT receptor is able to activate downstream Smad signaling, by showing that neuronal expression of the wit-dCT construct rescues the presence of nuclear phospho-Mad in the wit mutant background ( Figures 3C-3E ). We have also controlled for possible differences in expression levels of the witdCT transgene that could account for incomplete rescue of synaptic stability ( Figure S1 ). Together, these data identify a region of the Wit receptor that is necessary for synapse stabilization, but is not required for nuclear Smad signaling, synaptic growth, or synaptic function (see below). We next pursued experiments to investigate how this region of the Wit receptor influences synaptic stability.
Drosophila LIM Kinase Binds the Wit Receptor and Is Necessary for Synaptic Stability
The C-terminal tail of mammalian BMP type II receptors has been shown to interact with and regulate the activ- We then tested whether DLIMK1 is required for synaptic growth and/or stabilization. We acquired a P element insertion (DLIMK P1 ) that resides in a 5# untranslated exon of the DLIMK1 gene as well as two deficiency chromosomes that uncover the DLIMK1 locus ( Figure 4C ). Northern analysis demonstrates that DLIMK P1 /DLIMK P1 results in the near absence of detectable message, indicating that this is a strong-hypomorphic or null mutation ( Figure 4C) Figures  4D and 4E ). These genetic data indicate that DLIMK1 is necessary for synaptic stability, but is not required for normal synaptic growth. Since the number of synaptic footprints is comparable when DLIMK P1 is analyzed in trans to deficiency chromosomes that uncover the DLIMK1 locus, we conclude that this P element insertion represents a strong loss-of-function mutation.
DLIMK1 Functions Presynaptically to Control Synaptic Stability
To support our conclusion that DLIMK1 function is necessary for synapse stabilization and to determine whether DLIMK1 functions in the nerve or the muscle to control synaptic stability, we pursued transgenic rescue experiments and overexpression experiments using a dominant-negative DLIMK1 transgene. We found that neuronal expression of a dominant-negative, kinaseinactive DLIMK1 (DN-DLIMK1) transgene significantly increases synaptic retractions while muscle-specific expression of DN-DLIMK1 has no effect ( Figures 5A  and 5B ). There was a slight decrease in bouton number observed when DN-DLIMK1 was expressed neuronally that was not observed in the DLIMK1 mutations ( Figure  5A ). This may represent a dominant effect of this transgene. However, this decrease in bouton number is significantly less than that observed following disruption of BMP signaling. Finally, in agreement with experiments using a dominant-negative transgene, we found that neuronal expression of a wild-type DLIMK1 transgene (UAS-DLIMK1) restores synapse stability to the hemizygotic DLIMK P1 /Y loss-of-function mutation without altering other aspects of synapse development ( Figures 4D and 4E) . Together, these data support the conclusion that DLIMK1 is specifically required in the presynaptic motoneuron for synaptic stabilization.
DLIMK1 Functions Downstream of the Wit Receptor to Control Synaptic Stability
The observation that DLIMK1 binds the Wit receptor and is required presynaptically for synapse stabilization suggests that DLIMK1 functions downstream of the Wit receptor and may confer the added synapse-stabilizing activity of the Wit receptor. To address this possibility, we have examined genetic interactions between the wit and DLIMK1 mutations. Animals harboring one mutant copy of wit and one mutant copy of DLIMK1 (DLIMK P1 /+; wit A12 /+) show a significant increase in synaptic footprints without a change in bouton number and without a change in synaptic function compared to wild-type ( Figures 4F and 4G and data not shown) . In comparison, heterozygous mutations in either gene alone do not show a significant increase in synaptic footprints compared to wild-type and have normal bouton numbers ( Figures 4F and 4G) . We also neuronally overexpressed the DN-DLIMK1 in the wit mutant background and did not observe an additive effect on the number of NMJs with retractions with respect to the wit mutation or the overexpression of DN-DLIMK1 alone (Figures 5A and 5B). The strong transheterozygous interaction between the wit A12 mutation and DLIMK1
P1
, as well as the lack of an additive effect in the number of NMJs with footprints when DN-DLIMK1 is overexpressed in the wit mutant background, supports the conclusion that DLIMK1 functions in the same genetic pathway as wit to control synaptic stability. We next investigated whether overexpression of UAS-DLIMK1 could rescue synaptic stability in the wit mutant background. To do so, we neuronally expressed the wild-type DLIMK1 transgene (UAS-DLIMK1) in the wit mutant background. When we expressed UAS-DLIMK1 in the wit mutant background using either a pan-neuronal (elav-GAL4) or motoneuron-specific (OK6-GAL4) GAL4 driver, we were able to rescue defects in both synaptic growth and synaptic stability ( Figures 6C,  6E , and 6F). Importantly, strong presynaptic expression of UAS-DLIMK1 by elav-GAL4 raised at 29°C resulted in complete rescue of synaptic footprints to wild-type levels ( Figure 6F ; see Figure S1 for additional control data regarding the effects of temperature on synapse development). In all rescue experiments, including overexpression of DLIMK1 in the wit background, we have confirmed the presence of the wit mutation (Figure S2) . These data, in combination with the demonstration that DLIMK1 binds the Wit receptor and the genetic interactions observed between wit and DLIMK1, support the conclusion that DLIMK1 functions downstream of wit to control synaptic stability.
Remarkably, rescue of the wit mutation by UAS-DLIMK1 not only restores synaptic growth and stability, but also rescues animal viability. wit mutant animals normally die during midlarval life and are never observed to mature into adult flies. 
DLIMK
P1 homozygotes compared to wild-type (p < 0.01), although this decrease is much less than that observed in wit or mad mutants ( Figure 7C) (Rawson et al., 2003) . We therefore conclude that DLIMK1 is able to rescue the wit electrophysiological defects even though it is not normally involved in BMP-dependent regulation of synaptic function ( Figure 7C) . Thus, DLIMK1 expression can restore all of the essential functions of the Wit receptor in the wit mutant background.
Evidence that DLIMK1 Functions in Parallel to Mad-Mediated Signaling
We next tested whether the rescue of synaptic growth and stability by DLIMK1 expression in the wit mutant background is caused by activation of downstream Mad signaling that is independent of the Wit receptor. We first demonstrated that mad mutations have a significant increase in synaptic footprints and a significant reduction in bouton number (Figures 2 and Figures 6B,  6G, and 6H) . We found that neuronal expression of DLIMK1 in the mad mutant background rescues both synaptic growth and stability to wild-type levels (Figures 6D, 6G, and 6H) . However, unlike expression of DLIMK1 in the wit mutant background, expression of DLIMK1 does not restore viability to the mad mutant background. This difference is likely due to the expression of mad outside of the nervous system, whereas wit expression is largely restricted to the nervous system. Thus, DLIMK1 is sufficient to promote synaptic growth and stability in the absence of Mad-mediated signaling. These data support the conclusion that DLIMK1 functions in parallel to Mad-mediated signaling in the motoneuron to control synaptic stability and growth.
Presynaptic Localization of DLIMK1
We next investigated the localization of DLIMK1 in the presence and absence of the Wit receptor. The UAS-DLIMK1 transgene used in our rescue experiments harbors an HA epitope tag that we have used to visualize DLIMK1 at the NMJ (Figure 8) . Staining for HA in animals with neuronal expression of UAS-DLIMK1 revealed a filamentous DLIMK1 localization throughout the presynaptic nerve terminal (Figures 8A-8E ). This staining pattern is identical in wild-type or wit mutant animals that neuronally express UAS-DLIMK1 (data not shown). Surprisingly, we find DLIMK1-HA in very close association with the synaptic microtubules identified by anti-Futsch (Map1B-like protein) ( Figure 8C ). However, although DLIMK1-HA is closely associated with antiFutsch, the two markers do not colocalize. Rather, the DLIMK1-HA staining appears as an independent continuous filament that extends throughout the NMJ. We have pursued two additional experiments to test whether the DLIMK1-HA staining pattern requires the integrity of the synaptic microtubule cytoskeleton. We first overexpressed DLIMK1-HA in the futsch mutant background, which severely disrupts the synaptic microtubule cytoskeleton (Roos et al., 2000) . Filamentous DLIMK1-HA staining remains in the futsch mutation, indicating that DLIMK1 filaments are independent of stable synaptic microtubules ( Figure 8D ). We next examined whether DLIMK1-HA is perturbed following treatment of the synapse with nocadozole at a concentration that we have found to eliminate dynamic microtubule plus ends (C.P., B.A.E., and G.W.D.; unpublished data). We found that nocadozole treatment slightly decreases the intensity of DLIMK1-HA staining, but clear filamentous staining remains ( Figure 8E ). These data suggest that DLIMK1-HA filaments are closely associated with synaptic microtubules, but can be stable in the absence of a continuous synaptic microtubule cytoskeleton. Finally, this staining pattern does not resemble the synaptic localization of actin-GFP, which concentrates into randomly distributed patches throughout the NMJ ( Figure 8F) . Thus, DLIMK1 concentrates into a unique compartment within the presynaptic nerve terminal that, to our knowledge, has not been previously described. In addition, we found instances in which this compartment approached the synaptic plasma membrane, where it could associate with membrane receptors such as the Wit receptor ( Figure 8B ). Finally, we cannot rule out the possibility that low levels of DLIMK1 are present throughout the cytoplasm and in association with synaptic actin, since we are examining steady-state protein distribution in fixed tissue.
Evidence that DLIMK1 Functions Independently of ADF/Cofilin during Synapse Stabilization
The role of LIMK1 during axon outgrowth and growth cone motility is largely due to LIMK1 phosphorylation and inactivation of ADF/cofilin, which alters actin turnover (Endo et al., 2003; Ng and Luo, 2004) . In these studies, the phosphorylation of ADF/cofilin by LIMK1 is antagonized by the Slingshot (Ssh) family of phosphatases (Niwa et al., 2002) . Therefore, if ADF/cofilin is the target of LIMK1, then the overexpression of the Ssh phosphatase should mimic LIMK1 loss of function in this signaling cascade. We found that overexpression of the ssh cDNA in the motoneuron (elav UAS-SSH wt) had no effect on synaptic growth, synaptic stability ( Figures 5C and 5D ), or synaptic function (data not shown). We confirmed that Ssh protein traffics to the synapse in these experiments and found that it has a cytoplasmic localization that does not resemble what we observed for DLIMK1-HA ( Figure S3) . Finally, overexpression of a constitutively activated cofilin transgene (elav UAS-tsr-S3A) also had no effect on synaptic growth or stabilization ( Figures 5C and 5D) . In combination with the observation that the distribution of synaptic DLIMK1 does not resemble the distribution of synaptic actin, these data suggest that LIMK1 is not acting through ADF/cofilin to control synaptic stability. These data highlight differences in LIMK1 function during the rapid, dynamic process of axon outgrowth versus the slower, more prolonged mechanisms that govern synapse stabilization at the NMJ.
Discussion
Here, we demonstrate that BMP-receptor signaling at the Drosophila NMJ controls both synaptic growth and synaptic stabilization. Our data support a model in which signaling from the BMP receptor can coordinately activate two genetically separable developmental programs: (1) cell-wide regulation of neuronal growth via nuclear Smad signaling and (2) LIMK1-dependent synaptic stabilization. This organization of synaptic signaling systems involved in synaptic growth versus synaptic stabilization could have important consequences for neural development. First, since a single trophic receptor can increase both cell-wide growth and synaptic stabilization, the efficiency of trophic signaling could be increased due to the coupling of new synapse growth with synaptic stabilization and retention. Another scenario is also possible that could help to explain how synaptic growth and elimination could occur simultaneously at the terminals of a single motoneuron. If LIMK1 functions locally at the synapse, then cell-wide growth signaling could be uncoupled from the local control of synaptic stability. Thus, the loss of trophic signaling at a single muscle target could lead to target-specific synapse destabilization while the same trophic signaling system at other muscle targets could simultaneously promote synaptic growth throughout the motoneuron via cell-wide growth signaling. While we do not have any direct evidence that LIMK1 functions locally at the synapse, the synaptic activation of kinase signaling downstream of the BMP receptor could support such a model.
Evidence that DLIMK1 Functions Downstream of Wit and in Parallel to Smad-Mediated Signaling
Our data support a model in which DLIMK1 functions downstream of the Wit receptor and in parallel to Smad-mediated nuclear signaling in order to achieve wild-type synaptic stability. First, several lines of evidence indicate that DLIMK1 functions downstream of the Wit receptor. We show that DLIMK1 binds to a region of the Wit receptor that is necessary for synaptic stabilization, but which is dispensable for Smad-medi-ated synaptic growth. We find that DLIMK1 mutations specifically disrupt synaptic stabilization and find that both DLIMK1 and Wit are necessary within the presynaptic neuron for synapse stability. We demonstrate a strong transheterozygotic genetic interaction between mutations in DLIMK1 and wit, resulting in a specific loss of synaptic stability. We further show that neuronal overexpression of a dominant negative DLIMK1 in the wit mutant background does not result in an additive increase in the number of synapse retractions. From these data, we conclude that DLIMK1 functions downstream of Wit to control synaptic stability. Finally, we show that the stabilizing activity of DLIMK1 does not require the presence of the Smad signaling system, since expression of DLIMK1 in either the wit or the mad mutant background is able to restore synaptic stability to the NMJ. While these data are consistent with DLIMK1 functioning either downstream or in parallel to Smad-mediated signaling, we favor the conclusion that DLIMK1 functions in parallel to Smad because DLIMK1 binds a region of the Wit receptor that is dispensable for Smad-mediated synaptic growth. , 2002) . In the absence of Smad signaling, these raw materials may become limiting, not only for new growth but also for the maintenance of the existing synapse, since synaptic proteins will need to be turned over and replaced at some rate. According to this logic, the synapse retractions caused by mutations in the Smad signaling system are related to synaptic atrophy. In contrast, DLIMK1 is necessary for synaptic stability, but is not required for normal synaptic growth. Thus, we suspect that synapse retractions observed in DLIMK1 mutants are caused by modulation of the synaptic stabilization machinery resident at the synapse. 
Smad-Independent versus
Evidence that BMP Signaling Activates LIMK
DLIMK1 Restores Synaptic Growth, Function, and Viability to Animals Lacking an Essential BMP Growth Receptor
It is remarkable that the overexpression of DLIMK1 rescues all aspects of the wit receptor mutant phenotype, including synaptic growth, synaptic function, and animal viability. DLIMK1 expression is also sufficient to restore synaptic growth and stability to the mad mutation. These data contrast with our genetic analysis demonstrating that DLIMK1 is necessary for synaptic stability but is not required for normal synaptic growth and has only a minor role in functional synapse development. How can DLIMK1 expression restore synaptic growth, function, and viability in the absence of the BMP receptor? Even if DLIMK1 independently signals to the nucleus (Yang et al., 2004) , it seems unlikely that DLIMK1 activity would be sufficient to restore the entire transcriptional program normally mediated by nuclear Smad signaling. Instead, we propose that the overexpression of DLIMK1 in the wit receptor mutant background hyperstabilizes the synapse, consistent with synaptic stabilization being the primary function of DLIMK1. If UAS-DLIMK1 hyperstabilizes the synapse, a second, parallel growth factor signaling system may thereby be allowed to assume the growth-promoting functions normally mediated by BMP signaling. This hypothesis invokes the existence of an unidentified second growth factor signaling cascade at the Drosophila NMJ. It seems likely that additional growth factor signaling exists since the synapse still grows to nearly 50% of its normal size in the wit mutant background 
